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- (54) SYSTEM FOR PROJECTING IMAGES 



(71) We, SOCIETE 
D'E 



FRANCA ISE 

qijipeI^nH 

TION AERIENNE, a Societe anonyme 
organised, and existing under the laws of 
5 France, of Aerodrome de Villacoublav, 
78140 Velizy Villacoublay, France, do 
hereby dcdare the invention, for which we 
pray that a Patent may be granted to us and 
the method by which it is to be performed, to 
10 be particularly described m and by the 
following statement:- 

This Invention relates to a system tor 

^'li'^r^ ^enT'No. 1,551.135 there is 
15 described and claimed a system for project- 
ing images representative of information on 
a screen comprising a convener for trans- 
forming said information into luminous 
digital signals emitted by a suction of 
20 li^t sources, an arrangement of bundles ot 
optic fibres in which the recciymg ends of 
each of the bundles are iUummated by a 
respective said light source, a member 
constituted by an arrangement of the emit- 
25 ting ends of the optic fibres for forming an 
image representative of said information, 
and a lens which projects said image onto 
the screen. . . ^ 

The purpose of such a system is that it can 
30 be used to provide the pilot of a vehicle with 
information relating to the driving or pilot- 
ing of tiic vehicle and this is without the 
pitot having to interrupt his external vision. 
In the case where the vehicle is an 
35 aerodyne, this information may advan- 
tageously consist of the normal data coming 
from a flight-control device or an indicator 
for guiding the aerodyne on the runway or 
in flight. 

40 An object of the present invention is to 
improve the transfer and formation of the 
images on the screen so as to obtain better 
definition of the images and facilitate the 
juxtaposition of several images. 

45 According to the present mvcntion there 



is provided a system for projecting images 
representative of information on a screen 
comprising a converter for transforming said 
information into luminous digital signals 
emitted by a succession of light sources, an 
arrangement of bundles of optic fibres in 
which the receiving ends of each of the 
bundles are illuminated by a respective said 
light source, a member constituted by an 
arrangement of the emitting ends of the 
optic fibres for forming an image represen- 
tative of said information, and a lens which 
projects said image onto the screen, char- 
acterised in that the fibres are combed and 
arranged parallel to each other, and the 
emitting ends of the bundles of optic fibres 
are rectangular in section. 

The system can comprise a pluraUty ot 
members for forming images, and the mem- 
bers are associated with an optical mixer 
comprising as many channels as there are 
members for forming images. 

If desired the system can have a pluraUty 
of mixers having a limited number of chan- 
nels in series. . .. i_ ' * 
The mixers havmg a limited number ot 
channels can comprise mixers with two 
channels provided by means of semi- 
reflecting mirrors or dichroic reflectors. 

The invention will now be further de- 
scribed, by way of example, with reference 
to the accompanying drawings in which: 
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Figure I shows an arrangement of the 
optic fibres in a system formed according to 
die invention in tiie region of the member 
for forming images in an object focal plane 

of the lens; . r n 

Figure 2 shows an arrangement for illumi- 
nating the receiving ends of the optic fibres; 

Figure 3 shows diagrammatically an optic- 
al mixer using a succession of mixers com- 
prising the two chaimels in series; 

tigure 4 is a block diagram of a system for 
controlling the member for forming images 
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from data provided by a calculator; 

Figure 5 is a diagrammatic partial longitu- 
dinal section of a front part of a cabin of an 
aircraft provided with a system formed 
5 according to the invention comprising a 
device for increasing the dimensions of the 
image projected on the windscreen of the 
aircraft; 

Figure 6 is a diagrammatic illustration of 
10 the final image obtained by the juxtaposi- 
tion of two images coming from the same 
initial beam; 

Figure 7 is a diagrammatic partial longitu- 
dinal section of a front part of a cabin of 4i\ 
15 aircraft provided with a system formed 
according to the invention for a curved 
windscreen; 

Figure 5 15 a partial diagrammatic section 
on line A-A. of Figure 7. this seci-ion 
20 showing the nature of the correction 
obtained by a correcting device constituted 
by a cylindrical lens, in a plane at right- 
angles to the generatrices of that lens; 
Figure 9 is a simplified diagram showing 
25 the optical path of light rays from the lens in 
a system formed according to the invention; 

Figures 10 and ii are optical diagrams 
demonstrating problems which the inven- 
tion intends to solve, arid 
30 Figure 12 is a partial diagrammatic section 
of an aircraft cabin showing a preferred 
position of an outlet component. Ot the lens 
in a system formed according to the inven- 
tion in the plane of an upper part of the 
35 dashboard in. the cabin. 

Referring tb Figures 1 and 2, the transfer 
member consists of a plurality of bundles of 
optic fibres each bundle comprising a plural- 
ity of sub-assemblies, each sub-assembly 
40 comprising a piurality of optic fibres. A 
receiving end of each bundle is associated 
with at least one controllable light source. A 
member for forming an image is constituted 
by an arrangement of the emitting ends of 
45 the optic fibres corresponding to tne image 
which it is desired to obtain. 

The emitting ends of the optic fibres aie 
arranged so that the ends of the sub- 
assemblies have a geometric shape which 
50 can be produced easily and accurately. 

The most basic shape is rectangular, and 
Figure 1 shows how a rectan^lar configura- 
tion facilitates the juxtaposuion of several 
images in the object focal plane of the lens. 
55 for example a horizontal image 10 and three 
vertical images II, 12 and 13. 

In order to obtain good luminous 
homogeneity of the objects projected, the 
luminous fibres of each of the bundles are 
60 . combed to make them parallel to each other 
at their emission and reception ends. Max- 
• iihum reception is achieved when the ter- 
minal cross section of each of the fibres is at 
right-angles to the light rays. 
65 The light signal transmitted to each of the 



sub-assemblies of optic fibres may be gener- 
ated by a separate light source. 

These light sources consist for example, 
as shown in Figure 2, of micro bulbs 15 
housed in recesses 16, in the region of which 70 
the receiving ends of the optic fibres 17 of 
the corresponding sub-assemblies are 
arranged. 

In the example shown in Figure 1, the 
formation of images was obtained by juxta- 75 
position of the various arrangements of 
optic fibres 14 in the member for forming 
images. 

This result could also be obtained by 
mixing several separate images. 80 

Mixing may be by means of a convention- 
al optic mixer of the type currently used in 
colour televisions for example: : 

Mixing ma> also be by connecting^ several 
mixers having two inputs 18 and ;19 in series 85 
(Figure 3). h - , ..■ ; 

Where one wishes to provide a member 
for lurming overlapping images by the light 
sources and corresponding arrangements 
t>eing allocated to several objects, the. prob- 90 
iem is that of controlling the light: sources 
and of multiplexing in the transmission of 
the controi signals. . 

To this end, the centrol of reach of the 
light sources may take place by assigning a 95 
binary number serving as an addr^iss to each 
light source, and a switching circuit causes 
the illumination of this li^ht source , when it 
receives the correspondmg address. 

A^Tiere one wishes to generate a single 100 
movable object, representative of a variable 
magnitude, the connection between the 
calculator and the de-coding member pro- 
ducing the conuol of the light sources takes 
place by a bus comprising a number of 105 
connections ecjual to the number of bits 
used in the binary addressing numbers. 

if it is necessary to generate several 
moving objects representative of di^erent 
magnitudes, simultaneously, the problem 110 
becomes much more complex. 

This problem is solved by using the 
well-known properties of retinal persist- 
ence: instead of transmining the addresses 
simultaneously to the switching circuit 115 
effecting control of the light sources, the 
addresses are transmitted successively at a 
frequency such that, due to retinal persist- 
ance (as well as the inertia of the light 
sources) the switching cannot be discerned. 120 

With reference to Figure 4, the calculator 
21 transmits separately the digital signals 
corresponding to several objects (a), (b), 
(c), (n) to a selector 22 which successively 
transmits these signals to a transmission line 125 
23 with limited conductors, which is con- 
nected to a de-coder 24 controlling the 
illumination of the light sources. 

It should be noted that the multiplexing' 
system could be applied, in a similar man- 130 



ner, to a member for forming an image 
produced by means of an arrangement of 
liquid crystals, fulfilling the function of 
electrically controlled shutters. 
5 In the display system illustrated in Figure 
5, which is located in the dashboard 31, 
below the windscreeen of the aircraft, only 
lens 32 and a device to increase the dimen- 
sions of the image projected onto the 
10 windscreen 33 have been shown. Lens 32 is 
a conventional lens making it possible to 
collimaie at infinity as described in. Patent 
1551135 the emitting face of member 34 for 
forming the image. 
15 The beam 35 haying parallel rays emitt^ed 
by the lens is directed, to wards two parallel.., 
plane mirrors 36, 37- arranged one after the 
other. The bcam.35; successively, undergoes 
partial reflection on thc;semi-r€;flecting cnitr . 
20 ror 36 and complete reflection 90 the taul.., 
retlection mirror 37, for the part oV-tbe . 
beam transmitted through the . mirror .36. 

Tlie posiiion of the two mirrors 36 and^?7^ 
and their dimensions are such ,ihav they are,, 
25 completely contained in the field of, th^ lens. 
32 and such that the: .t>yo beams. 38 an4 39 
successively reflected are adjacent pijie 
another in: order tp: obtain two juxtapk>s^d 
images on the windscreen 33 of the aircrafj,, 
30 Examples of such images arc the images 
41 and 42 or 43 and 44 shown, Figure 6 
/the images 43 and 44 being shown to 
indicate the possible direction of movement 
of the image in the field of the opti<^l 
35 system). In this Figure 6, the rectangles 45 
and 46 represent the field of the optical 
systems constituted by the lens 32 and the 
two respective mirrors 36 and 37. 

It is obvious that in order that there is 
40 supcrimposition of the two fields and imaees 
41; 42 and 43. 44, it is firstly necessary that 
the image moves from one side of the field 
- to the other and that secondly, the upper 
and tower edges 47 and 48 respectively of 
45 the image are equal so the lower edge 48 of 
the image 41 can be juxtaposed with the 
upper edge 47' of the image 42. 

Furthermore, to obtain good homogenei- 
ty of the image, a semi-reflecting mirror 36 
50 is chosen so that the transmitted intensity is 
slightly greater than the reflected intensity. 

Naturally, the number of semi-reflectmg 
mirrors and consequently the number of 
juxtaposed images are not limited to two. 
55 By means of a substantially punctuate image 
for example, it is possible to obtain an image 
having a linear appearance. 

With reference to Figure 7, the optical 
system 53 provided in the dashboard 51 
60 located below the windscreeen 52 of the 
aircraft comprises a cylindrical lens 58 in 
addition to the conventional lenses illus- 
trated by the components 54, 55, 56. 
Lens 58 which is located between the 
65 components 54, 55, 56 and the member 57 



for forming images, modifies the light rays 
emanating from the member 57, such that 
instead of obtaining a light beam havmg 
parallel ravs at the outlet of the components 
54, 55 , 56', one obtains a slightly divergent .70 
beam 59. After reflection on the windscreen 
52, beam 59 is transformed into a beam 60 
having parallel rays, the shape of the lens 58 
having compensated for the angular devia- 
tion which would have occurred due to the 75 
shape of the windscreen 52. 

Due to the fact that a cylindrical lens 58 is 
used, the correction lakes place solely in 
planes at right-angles to the generatrices of 
the lens. In planes parallel to the axis or 80 
containing one of the generatrices of the 
/lens 58 (Figure 8). therte is no correction for 
^ the shape of the windscreen^ 52. However, 
for numerous .applications, this does not 
' matter. -For examplei >yhere the display and 85 
' indication system ser\'es"as a head-up flight 
contrbi device, for example for guiding the 
aircraft on the ground and where the image 
' Visible on the windscireen is constituted by a 
vertical bar moving horizontally, it is ob- 90 
'vious that the correction only takes into 
account the horizontal profile of the wind- 
screen 2; a correction taking into account 
the verticar profile woiild prove useless. 

In the previously described systems, the 95 
optical part is integrated in the restricted 
space free behind the pilot's instrument 

panel. ^ . 

For reasons of bulk the light ray has firstly 
been made to foUow a twisting path, by 100 
means of reflecting mirrors, between the 
member for forming images and the vehicle 
windscreen. ^ ^ , . ^ 

These systems have as a drawback that 
' the pilot can see all the obiects projected 105 
onto the windscreeen only if he is located in 
the axis of the rays reflected by the wind- 
screen. . ^ 1. , 

It has been found that this drawback was 
due mainly to the length of the optical path 110 
between the plane of the part of the lense 
fulfilling the role of a diaphragm (or ins) 
and the windscreen of the vehicle. 

This drawback is eliminated by reducing 
the use of reflectors, as shown in the optical 115 
system such as that illustrated in Figure 9. 

The convergent lens has been shown 
diagrammatically. the axis 62, after jeflec 



tion on the windscreen 64, merges with the 
axis 63 of the pilot's field of vision (eye 0). 120 
This optical system therefore behaves m the 
same manner as a conventional clear coi- 
limation system. 

The object images 6d provided by the 
member for forming images arc formed at 123 
infinity and can be seen by the pilot without 
him having to interrupt his external vision. 

The field AB of the opucal systenri is 
limited solely by the dimensions pf the lens ^ 
JL. , which, arranged virtually at nght-angles 130 
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to the axis 63, behaves in the manner of a 
diaphragm L'l. 

If the pilot moves towards the windscreen 
(eye 0'), his field of vision A'B', within the 
5 optical system, increases considerably. 

Furthermore, as regards Figures 10 and 
11, if one looks at an object through a 
diaphragm L", the closer the eye 0 to the 
object, then the larger the angle (deviation 

10 A, A'), for which one can see all the object 
through the diaphragm. 

Consequently, as it is not possible in 
practice for the pilot to move further to- 
wards the windscreeen, "it is therefore 

15 appropriate to nibve the diaphragm L'^ 
essentially nearer to the pilot's eye. This can 
be done by moving the lens as close as 
possible to the windscrccch. " ~ 
Consequently, as shown in Figure 127 the 

20 . outlet component 66 of the lens 67 is located 
in the plane of the upper side of the 
dashboard 68 of the pilot's cabin as the to 
dashboard 68 is the lower limit of thex»ilot!s 
normal field of vision towards the front. 

25 WHAT WE CLAIM IS :- 

1. A system for projecting images repre- 
sentative of information on a screen com- 
prising a converter for transforming said 
information into luminous digital signals 

30 emitted by a succession of light sources, an 
arrangement of bundles of optic fibres in 
which the receiving ends of each of the 
bundles are illuminated by a respective said 
light source, a member constituted by an 

35 arrangement of the emitting ends of the 
optic fibres for forming an image represen- 
tative of said information, and a lens which 
projects said image onto the screen, char- 
acterised in that the fibres arc combed and 

40 arranged parallel to each otlicr, and the 
emitting ends of the bundles of optic fibres 
are rectangular in section. 

2. A system as claimed in claim 1, in 
whidi the system comprises a plurality of 

45 members for forming images, and the mem- 
bers arc associated with an optical mixer 
comprising as many channels as there are 
members for forming images. 

3. A system as claimed in claim 1 or 
50 claim 2, further comprising a plurality of 

mbcers having a limited number of channels 
in scries. 

4. A system as claimed in claim 3, in 
which the mixers having a limited number of 

55 channels comprise mixers with two channels 
provided by means of semi-reflecting mir- 
rors or dichroic reflectors. 

5. A system as claimed in any preceding 
claim, funher comprising means for succcs- 

60 sively generating a plurality of objects in the 
focal plane of the lens at a frequency such 
that successive interruptions cannot be per- 
ceived by the human eye. 

6. A system as claimed in any preceding 
65 claim characterised in which the control of 



each of these light sources takes place by 
addressing. 

7. A system as claimed in claim 5 or 
claim 6, funher comprising a selector receiv- 
ing digital signals from a calculator corres- 70 
ponding to several objects, and the selector 
successively transmits these signals to a ^ 
transmission line having parallel conduc- • 
tors, which is connected to a de-coder for 
controlling the illumination of the light 75 
sources, 

8, A system as claimed in any preceding 
claim, further comprising a device for in- 
creasing the dimensions of the image pro- 
jected on a windscreen of an aircraft, said 80 
device comprising at least two parallel mir- 
rors at least- onb of which is partially 
reflecting; and these mirrors arc located in 
the light beam emittecf by the lens such that 

the reflected- beams are adjacent and the 85 
images formed on the windscreen by these 
beanis are juxtaposed vertically or horizon- 
.taliyV ; 

. ^ 9.. A system as claimed in claim 8, in 
->vhich the system comprises a senii- 90 
reflecting mirror and a total reflection mir- 
ror, the semi-retlecting mirror being pro- 
vided such that the transmitted intensity is 
islightly higher than the reflected intensity. 
> 10^ A system as claimed in any preced- 95 
ing claim, in which the system comprises a 
correcting device located between the mem- 
ber for forming an image and the lens for at 
least partially compensating the absence of 
parallelism of the light rays of the beam 100 
reflected by a/the windscreen of an aircraft, 
the correcting device comprising a lens of 
cylindrical shape. 

11. A system according to any of claims 

1 to 9 installed in an aircraft, in which the 105 
optical path from the outlet of said lens is in 
the region of the lower limit of the pilot's 
normal field of vision. 

12. A system as claimed in claim 11, in 

the outlet of said lens is located is the region 110 
of the plane of the upper part of the 
dashboard. 

13. A system for projecting images, 
substantially as hereinbefore described with 
reference to the accompanying drawings. 115 
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